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(57) ABSTRACT

A charged particle beam writing method according to
embodiments of the present disclosure includes: storing in a
charged particle beam writing apparatus a position coordi-
nate at which a drift amount is diagnosed; storing in the
charged particle beam writing apparatus first and second
time interval patterns which define time intervals to diag-
nose the drift amount of the charged particle beam; perform-
ing first writing of irradiating a target object with the
charged particle beam, and writing a writing pattern on the
target object while diagnosing the drift amount based on the
first time interval pattern during the writing; and performing
second writing of writing a predetermined writing pattern
while diagnosing the drift amount when the writing reaches
the position coordinate and diagnosing the drift amount
based on the second time interval pattern during the writing
after the writing reaches the position coordinate.

15 Claims, 8 Drawing Sheets
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CHARGED PARTICLE BEAM WRITING
METHOD, COMPUTER-READABLE
RECORDING MEDIUM, AND CHARGED
PARTICLE BEAM WRITING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Applications No. 2012-
271995, filed on Dec. 13, 2012, the entire contents of which
are incorporated herein by reference.

FIELD OF THE INVENTION

Embodiments described herein relate generally to a
charged particle beam writing method, a computer-readable
recording medium and a charged particle beam writing
apparatus.

BACKGROUND OF THE INVENTION

In order to form a desired circuit pattern on semiconduc-
tor devices, a lithography technique is used. According to
the lithography technique, a pattern is transferred using an
original pattern which is referred to as a “mask (reticle)”.
Further, to manufacture a precise reticle, an electron beam
pattern writing technique which has excellent resolution is
used.

One method of an electron beam writing apparatus which
performs electron beam pattern writing on a mask includes
a variable-shaped beam method. According to the variable-
shaped beam method, by forming desirable shape by causing
a beam to pass through both an opening of a first shaping
aperture plate and an opening of a second shaping aperture
plate, a figure is written on a target object set on a movable
stage by an electron beam controlled to be deflected by a
deflector. One time of irradiation of an electron beam is
referred to as “shot”.

During writing on a mask or stand-by for writing, a drift
(or a beam drift) which causes a shift from an irradiation
position of an electron beam from a desired position occurs
in some cases. When, for example, a mask is irradiated by
an electron beam, a reflected electron is produced. The
produced reflected electron causes charge up by colliding
against an optical system or a detector in an electron beam
writing apparatus, and a undesired electric field is produced.
Then, a trajectory of the electron beam deflected and irra-
diated toward a mask changes. Such charge up causes a drift
of an electron beam.

When a drift amount of an electron beam exceeds an
allowable range, precision to write a pattern deteriorates.
Hence, drift diagnosis for monitoring the drift amount of the
electron beam during writing is performed. Further, as a
result of drift diagnosis, drift correction for correcting the
drift according to the obtained drift amount is performed.

JP-A 2010-192666 discloses an electron beam pattern
writing method of changing a time interval to execute drift
correction, based on a change amount of an area density of
an area to be written.

SUMMARY OF THE INVENTION

A charged particle beam writing method according to one
aspect of the present disclosure includes: storing in a
charged particle beam writing apparatus a position coordi-
nate; storing in the charged particle beam writing apparatus
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a first time interval pattern defining first time intervals to
diagnose a drift amount of a charged particle beam and a
second time interval pattern associated with the position
coordinate and defining second time intervals to diagnose a
drift amount of the charged particle beam; performing a first
writing by irradiating a target object with the charged
particle beam using the charged particle beam writing appa-
ratus, and writing a first predetermined writing pattern on the
target object diagnosing a drift amount of the charged
particle beam based on the first time interval pattern during
the first writing; diagnosing a drift amount of the charged
particle beam when the first writing reaches the position
coordinate; and performing a second writing by irradiating
the target object with the charged particle beam after the first
writing reaches the position coordinate, and writing a second
predetermined writing pattern on the target object diagnos-
ing a drift amount of the charged particle beam based on the
second time interval pattern during the second writing.

A computer-readable recording medium according to one
aspect of the present disclosure has a charged particle beam
writing program recorded thereon, and the charged particle
beam writing program causes a computer mounted on a
writing apparatus to execute: processing of storing in a
charged particle beam writing apparatus a position coordi-
nate; processing of storing in the charged particle beam
writing apparatus a first time interval pattern defining first
time intervals to diagnose a drift amount of a charged
particle beam and a second time interval pattern associated
with the position coordinate and defining second time inter-
vals to diagnose a drift amount of the charged particle beam;
processing of performing a first writing by irradiating a
target object with the charged particle beam using the
charged particle beam writing apparatus, and writing a first
predetermined writing pattern on the target object diagnos-
ing a drift amount of the charged particle beam based on the
first time interval pattern during the first writing; processing
of diagnosing a drift amount of the charged particle beam
when the first writing reaches the position coordinate; and
processing of performing a second writing by irradiating the
target object with the charged particle beam after the first
writing reaches the position coordinate, and writing a second
predetermined writing pattern on the target object diagnos-
ing a drift amount of the charged particle beam based on the
second time interval pattern during the second writing.

A charged particle beam writing apparatus according to
one aspect of the present disclosure has: a first memory
configured to store a position coordinate at which a drift
amount is diagnosed; a second memory configured to store
a first time interval pattern defining first time intervals to
diagnose a drift amount of a charged particle beam and a
second time interval pattern associated with the position
coordinate and defining second time intervals to diagnose a
drift amount of the charged particle beam; a writing unit
configured to irradiate a target object with the charged
particle beam and write a predetermined writing pattern on
the target object; a pattern writing position monitoring unit
configured to monitor a pattern writing position; and a drift
diagnosis control unit configured to comprise a function of
diagnosing a drift amount of the charged particle beam based
on the first or second time interval pattern, and changing
diagnosis of a drift amount based on the first time interval
pattern to diagnosis of a drift amount based on the second
time interval pattern, based on information of the pattern
writing position obtained by the pattern writing position
monitoring unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual diagram illustrating a configuration
of a writing apparatus according to a first embodiment;
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FIG. 2 is a view illustrating a flowchart of a pattern
writing method according to the first embodiment;

FIG. 3 is an explanatory view of the pattern writing
method according to the first embodiment;

FIG. 4 is an explanatory view of a time interval pattern
change according to the first embodiment;

FIG. 5 is a conceptual diagram illustrating a configuration
of a writing apparatus according to a third embodiment;

FIG. 6 is a view illustrating a flowchart of a pattern
writing method according to the third embodiment;

FIG. 7 is a conceptual diagram illustrating a configuration
of a writing apparatus according to a fourth embodiment;

FIG. 8 is a view illustrating a flowchart of a pattern
writing method according to the fourth embodiment; and

FIG. 9 is an explanatory view of the pattern writing
method according to the fourth embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, embodiments of the present disclosure will
be described with reference to the drawings. In the following
embodiments, a configuration using an electron beam will
be described as an example of the charged particle beam.
However, the charged particle beam is not limited to an
electron beam, and may be a beam such as an ion beam using
other charged particles.

Further, in the embodiments, a mask substrate (or a mask
or a mask blanks) used to manufacture, for example, a
semiconductor which is an example of a “target object” on
which a writing pattern is written will be described as an
example.

In this description, “pattern writing data” is original data
of a pattern to be written on the target object. The pattern
writing data is data obtained by converting a format of
design data generated by a designer using, for example, a
CAD such that operation processing can be performed in a
writing apparatus. A writing pattern such as a figure is
defined by, for example, coordinates such as apexes of a
figure.

Further, “shot” in this description means one time of
irradiation of a charged particle beam.

Furthermore, in this description, a “shot density” means
the number of shots per unit area in a pattern writing area or
the number of shots per unit time during writing.

Still further, in this description, “during writing” is a
concept that not only represents that a target object is
actually irradiated by a charged particle beam but also
represents that writing processing including a time before
and after irradiation of a charged particle beam is being
performed.

Moreover, in this description, an “event” means an event
which may triggers a change of a time interval pattern to
diagnose the drift amount.

Further, in this description, “diagnosis of a drift amount”
or “drift diagnosis” means measurement of a shift amount
(drift amount) from a desired position of an irradiation
position of a charged particle beam produced during writing.

Furthermore, in this description, “drift correction” means
correcting a drift of a charged particle beam performed
based on a diagnosis result of the drift amount. So-called
zero correction for not correcting a drift since the drift
amount is zero or little is also included in “drift correction”.

First Embodiment

An electron beam writing apparatus according to the
present embodiment has: a first memory configured to store

10

15

25

30

40

45

50

55

65

4

a position coordinate at which a drift amount is diagnosed;
a second memory configured to store a first time interval
pattern which defines a time interval to diagnose a drift
amount of a charged particle beam and a second time
interval pattern which is associated with the position coor-
dinate and defines the time interval to diagnose the drift
amount of the charged particle beam; a writing unit config-
ured to irradiate a target object with the charged particle
beam and write a predetermined writing pattern on the target
object; a pattern writing position monitoring unit configured
to monitor a pattern writing position; and a drift diagnosis
control unit configured to have a function of diagnosing the
drift amount of the charged particle beam based on the first
or second time interval pattern, and changing diagnosis of
the drift amount based on the first time interval pattern to
diagnosis of the drift amount based on the second time
interval pattern, based on information of the pattern writing
position obtained by the pattern writing position monitoring
unit.

The electron beam writing apparatus according to the
embodiment employs the above configuration to perform
drift diagnosis when writing reaches the position coordinate
and change a time interval pattern for performing drift
diagnosis. By this means, drift diagnosis is adequately
executed, so that it is possible to make high writing precision
and high throughput compatible. A case will be described
with the present embodiment as an example where the
position coordinate is a position coordinate of a position at
which a drift amount is predicted to significantly change at
a specific position as a boundary.

FIG. 1 is a conceptual diagram illustrating a configuration
of a writing apparatus according to the present embodiment.

In FIG. 1, a writing apparatus 100 includes a writing unit
150 and a control unit 160. The writing apparatus 100 is an
example of a charged particle beam writing apparatus.
Further, the writing apparatus 100 writes a desired pattern on
a target object 101.

The writing unit 150 includes an electron lens barrel 102
and a pattern writing chamber 103. In the electron lens barrel
102, an electron gun assembly 201, an illumination lens 202,
a blanking (BLK) deflector 212, a blanking (BLK) aperture
plate 214, a first aperture plate 203, a projection lens 204, a
deflector 205, a second aperture plate 206, an objective lens
207 and a deflector 208 are arranged.

Further, in the pattern writing chamber 103, an XY stage
105 which is movably arranged is arranged. Furthermore,
the target object 101 is arranged on the XY stage 105. The
target object 101 includes, for example, an exposure mask
substrate for transferring a pattern on a wafer. A mask
substrate includes mask blanks on which no pattern is
written.

The control unit 160 has an input unit 111, a pattern
writing data memory 109, a program memory 152, a first
memory 154, a second memory 156, a pattern writing
position monitoring unit 172, a driving circuit 108, a deflec-
tion control circuit 110, digital/analog converters (DAC)
112, 114 and 116, a control calculator 120 and a buffer
memory 121. The control calculator 120 has a function of,
for example, a drift diagnosis control unit 122.

The pattern writing data memory 109 stores pattern
writing data of a pattern to be written on the mask 101. The
program memory 152 stores a control program which causes
the control calculator 120 to execute each processing. The
first memory 154 stores a position coordinate which is a
position at which drift diagnosis is executed and which
triggers a change from a first time interval pattern to a
second time interval pattern. The second memory 156 stores
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the first and second time interval patterns which define time
intervals to diagnose a drift amount of an electron beam.

The control calculator 120 is connected with, for example,
the input unit 111, the pattern writing data memory 109, the
program memory 152, the first memory 154, the second
memory 156, the pattern writing position monitoring unit
172, the driving circuit 108, the deflection control circuit
110, and the buffer memory 121 through a bus. The deflec-
tion control circuit 110 is connected to the DACs 112, 114
and 116. The DAC 112 is connected to the BLK deflector
212. The DAC 114 is connected to the deflector 205. The
DAC 116 is connected to the deflector 208.

The control calculator 120 receives an input of pattern
writing data stored in the pattern writing data memory 109.
Further, the control calculator 120 executes, for example,
each processing according to a control program stored in the
program memory 152. Information to be inputted to the
control calculator 120 or each information obtained during
and after computation processing is stored in the buffer
memory 121 every time.

The drift diagnosis control unit 122 has a function of
changing diagnosis of the drift amount based on the first
time interval pattern to diagnosis of the drift amount based
on the second time interval pattern, based on information of
a pattern writing position obtained by the pattern writing
position monitoring unit 172.

The electron gun assembly 201 which is an example of an
irradiating unit performs irradiation of an electron beam 200.
The electron beam 200 emitted from the electron gun
assembly 201 illuminates the whole first aperture plate 203
having a rectangular hole through the illumination lens 202.

The electron beam 200 is first shaped into a rectangular
shape by the first aperture plate 203. Then, the electron beam
200 of a first aperture image having passed through the first
aperture plate 203 is projected on the second aperture plate
206 by the projection lens 204. The position of the first
aperture image on the second aperture plate 206 is controlled
to be deflected by the deflector 205, so that the beam shape
and dimensions can be changed. As a result, the electron
beam 200 is shaped.

Further, a focus of the electron beam 200 of the second
aperture image which passes through the second aperture
plate 206 is adjusted by the objective lens 207, and the
electron beam is deflected by the deflector 208. As a result,
a desired position of the target object 101 on the XY stage
105 which continuously moves is irradiated by the electron
beam. Movement of the XY stage 105 is driven by the
driving circuit 108. A deflecting voltage of the deflector 205
is controlled by the deflection control circuit 110 and the
DAC 114. The deflecting voltage of the deflector 208 is
controlled by the deflection control circuit 110 and the DAC
116.

The pattern writing position monitoring unit 172 monitors
which position of the mask 101 is written by the electron
beam. For example, a position of the XY stage 105 is learned
using a laser interferometer to specify a pattern writing
position.

Meanwhile, when an irradiation time t which allows a
desired dose of the electron beam 200 on the target object
101 to be incident on the target object 101 is reached,
blanking occurs as described below. That is, to prevent the
target object 101 from being irradiated by the electron beam
200 more than necessary, the electron beam 200 is deflected
by the BLK deflector 212 of the electrostatic type and the
electron beam 200 is cut by the BLK aperture plate 214. By
this means, the electron beam 200 is prevented from reach-
ing the surface of the target object 101. A deflecting voltage
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of the BLK deflector 212 is controlled by the deflection
control circuit 110 and the DAC 112.

Upon beam on (blanking off), the electron beam 200
emitted from the electron gun assembly 201 moves on a
trajectory indicated by a solid line in FIG. 1. Meanwhile,
upon beam off (blanking on), the electron beam 200 emitted
from the electron gun assembly 201 moves on a trajectory
indicated by a dotted line in FIG. 1. Further, the pattern
writing chamber 103 in the electron lens barrel 102 is
vacuumed by a vacuum pump which is not illustrated, and
contains a vacuum atmosphere whose pressure is lower than
an atmospheric pressure.

A writing pattern is written on the mask 101 using the
writing apparatus 100 employing the above configuration.

FIG. 1 illustrates components which are necessary to
describe the present embodiment. It goes without saying that
another configuration normally needed for the writing appa-
ratus 100 is included.

Further, although FIG. 1 illustrates that the control cal-
culator 120 which is an example of the computer executes
processing of each function such as the drift diagnosis
control unit 122, the present disclosure is not limited thereto.
For example, the processing of each function may be
executed by hardware such as an electric circuit. Alterna-
tively, the processing of each function may be executed by
a combination of hardware such as an electric circuit and
software. Alternatively, a combination of such hardware and
firmware may be used.

FIG. 2 is a view illustrating a flowchart of a pattern
writing method according to the present embodiment. An
electron beam pattern writing method using the writing
apparatus 100 will be described below with reference to the
flowchart of the pattern writing method illustrated in FIG. 2.

An electron beam pattern writing method according to the
present embodiment includes: storing in an electron beam
writing apparatus a position coordinate at which a drift
amount is diagnosed; storing in the electron beam writing
apparatus a first time interval pattern which defines a time
interval to diagnose a drift amount of an electron beam and
a second time interval pattern which is associated with the
position coordinate and defines the time interval to diagnose
the drift amount of the electron beam; performing first
writing of irradiating a target object with the electron beam
using the writing apparatus, and writing a predetermined
writing pattern on the target object while diagnosing the drift
amount of the electron beam based on the first time interval
pattern during the writing; diagnosing the drift amount of the
electron beam when the writing reaches the position coor-
dinate; and performing second writing of irradiating the
target object with the electron beam after the writing reaches
the position coordinate, and writing the predetermined writ-
ing pattern on the target object while diagnosing the drift
amount of the electron beam based on the second time
interval pattern during the writing.

First, the writing apparatus 100 is caused to store a
position coordinate at which the drift amount is diagnosed
prior to writing (S1). A position coordinate of an input is
read as electronic data from, for example, the input unit 111
which has a function of reading an electronic recording
medium. Further, it is also possible to directly input the
position coordinate from the input unit 111 which has a
keyboard. A read time interval pattern is stored in the first
memory 154.

The position coordinate is a position coordinate of a
position at which the drift amount is predicted to signifi-
cantly change at a specific position as a boundary. For
example, the position is, for example, a position at which a
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parameter related to writing changes such as a position at
which a figure shape of a writing pattern changes or a
position at which a writing condition changes.

The position coordinate is, for example, a XY coordinate
on the mask 101. The position coordinate may be one of an
X coordinate and a Y coordinate.

According to the present embodiment, for example, two
position coordinates, that is, a first position coordinate and
a second position coordinate are stored (S1).

Next, first, second and third time interval patterns which
define time intervals to diagnose the drift amount of an
electron beam are stored in the electron beam writing
apparatus 100 (S2). The time interval pattern defines a time
interval of drift diagnosis performed by stopping writing
during writing. The second time interval pattern is associ-
ated with the first position coordinate. That is, the second
time interval pattern is associated with a first position
coordinate reach event which occurs when a pattern writing
position reaches the first position coordinate. Further, a third
time interval pattern is associated with the second position
coordinate. That is, the third time interval pattern is associ-
ated with a second position coordinate reach event which
occurs when a pattern writing position reaches the second
position coordinate.

The first time interval pattern and the second time interval
pattern may define different time intervals. For example, the
second time interval pattern defines a time interval narrower
than that of the first time interval pattern. That is, according
to the second time interval pattern, while a writing pattern is
written, the drift amount is diagnosed more frequently than
the first time interval pattern.

Further, for example, the first time interval pattern may
define a time interval pattern of an equal interval, and the
second time interval pattern may define a time interval
pattern of an equal pattern which is narrower than that of the
first time interval pattern.

The first and second time interval patterns of an input are
read as electronic data from, for example, the input unit 111
which has a function of reading an electronic recording
medium. A read time interval pattern is stored in the second
memory 156.

When a writing pattern is written, the control calculator
120 first reads pattern writing data from the pattern writing
data memory 109. The pattern writing data is, for example,
taken in the writing apparatus 100 from the input unit 111.
The input unit 111 is an example of an input means, and is,
for example, a reading apparatus which reads information
from an external memory.

Next, the electron gun assembly 201 which is an example
of an irradiating unit irradiates the mask 101 with the
electron beam 200 to write a writing pattern based on
predetermined pattern writing data on the mask 101 (S3-1:
first writing).

During first writing, the drift amount of an electron beam
is diagnosed based on the first time interval pattern during
writing (S4-1: first drift diagnosis). Further, a predetermined
pattern is written on the mask 101 while performing drift
correction based on a diagnosis result of the drift amount
(first writing). That is, a cycle of writing-first drift diagnosis-
writing is repeated. A time interval of this drift diagnosis is
controlled by the drift diagnosis control unit 122. Drift
diagnosis is performed every time in a state where writing a
pattern is stopped during writing.

During first writing, the pattern writing position monitor-
ing unit 172 monitors a pattern writing position. Further,
writing reaches the first position coordinate (S3-2). When
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the writing reaches the first position coordinate, the first
position coordinate reach event occurs.

When the writing reaches the first position coordinate, the
drift amount is diagnosed. Further, after the writing reaches
the first position coordinate, the drift amount of an electron
beam is diagnosed based on the second time interval pattern
instead of the first time interval pattern during second
writing (S4-2). Further, a predetermined pattern is written on
the mask 101 while performing drift correction based on a
diagnosis result of the drift amount (S3-3: second writing).
That is, a cycle of writing-second drift diagnosis-writing is
repeated.

Meanwhile, the drift diagnosis control unit 122 has a
function of changing diagnosis of the drift amount based on
the first time interval pattern to diagnosis of the drift amount
based on the second time interval pattern, based on infor-
mation of a pattern writing position obtained by the pattern
writing position monitoring unit 172.

During second writing, the pattern writing position moni-
toring unit 172 monitors a pattern writing position. Further,
writing reaches the second position coordinate (S3-4). When
the writing reaches the second position coordinate, the
second position coordinate reach event occurs.

When the writing reaches the second position coordinate,
the drift amount is diagnosed. After the writing reaches the
second position coordinate, the drift amount of an electron
beam is diagnosed based on the third time interval pattern
during third writing (S4-3: third drift diagnosis). Further, a
predetermined pattern is written on the mask 101 while
performing drift correction based on a diagnosis result of the
drift amount (S3-5: third writing). That is, a cycle of
writing-third drift diagnosis-writing is repeated.

Meanwhile, the drift diagnosis control unit 122 changes
diagnosis of the drift amount based on the second time
interval pattern to diagnosis of the drift amount based on the
third time interval pattern, based on information of a pattern
writing position obtained by the pattern writing position
monitoring unit 172.

FIG. 3 is an explanatory view of the pattern writing
method according to the present embodiment.

As illustrated in FIG. 3, on the mask 101, there is a pattern
area 10 on which a pattern is written. Further, this pattern
area 10 is divided into, for example, a plurality of stripe
areas 12 of strip shapes.

The width of the stripe area 12 is defined by, for example,
a width at which an electron beam can be deflected. The
stripe area 12 is a unit area corresponding to one time of scan
of an electron beam. When a pattern is written, an electron
beam scans the stripe area 12 of the lowermost portion in an
arrow direction in FIG. 3 by moving the XY stage 105 in the
X direction. When writing the pattern is finished in the stripe
area 12 of the lowermost portion, the XY stage 105 is moved
in the Y direction, and the pattern is sequentially written in
the upper stripe areas 12.

A position which triggers a change from the first time
interval pattern to the second time interval pattern is a
position A in FIG. 3, and a position coordinate of this
position is (x,, y,). When scanning is performed using an
electron beam and writing reaches the position coordinate
(X,, ¥,), drift diagnosis is executed, and a time interval
pattern to diagnose the drift amount is changed from the first
time interval pattern to the second time interval pattern.

In addition, a timing to execute drift diagnosis and switch
to the second time interval pattern is not limited in particular
as long as the timing is triggered at the position A. For
example, the timing may come at a point of time when
writing a pattern in the stripe area including the position A
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is finished or may come a predetermined time after the
writing reaches the position A.

It is also possible to change the second time interval
pattern to the third time interval pattern in the same way.

FIG. 4 is an explanatory view of a time interval pattern
change according to the present embodiment. When, for
example, writing is started (writing start event), the drift
amount is diagnosed based on the first time interval pattern.

In addition, each one of vertical bars on the time axis
indicates onetime of drift diagnosis. Further, as illustrated in
FIG. 4, as the time passes since occurrence of the event, a
time interval pattern whose time interval is longer is pref-
erably adopted. This is because there is a concern that the
drift amount is greatest immediately after the event.

When writing reaches the position coordinate (X,, y,)
(first position coordinate reach event), a change is made such
that the drift amount is diagnosed based on the second time
interval pattern. Meanwhile, the second time interval pattern
defines a time interval narrower than that of the first time
interval pattern. That is, according to the second time
interval pattern, the drift amount is diagnosed more fre-
quently.

Further, the second time interval pattern preferably
defines a time interval narrower than that of the first time
interval pattern. When the drift amount significantly
changes, it is possible to adequately diagnose and correct the
drift amount.

Drift diagnosis which is triggered by the second position
coordinate reach event and change from the second time
interval pattern to the third time interval pattern are also
performed in the same way.

Although a method of drift diagnosis is not limited in
particular, drift diagnosis is performed by, for example,
interrupting writing, then irradiating with an electron beam
a drift diagnosis reference mark fixed on the XY stage 105
and measuring a shift from a desired beam position. Further,
as a result of drift diagnosis, correction of a beam irradiation
position, that is, so-called drift correction is performed
according to the obtained drift amount. Drift correction is
performed by correcting, for example, deflection sensitivity
coeflicients of the DACs 112, 114 and 116. Writing of a
pattern after drift diagnosis is thus executed while perform-
ing drift correction based on a result of drift diagnosis.

In addition, drift correction is performed stepwise or
continuously during writing instead of correcting the drift
amount obtained by drift diagnosis once from the view point
of preventing a pattern to be written from being discontinu-
ous.

An electron beam pattern writing program according to
the embodiment is a program which causes a computer
mounted on the writing apparatus 100 to execute the elec-
tron beam pattern writing method. The control calculator
120 is an example of the computer.

More specifically, the electron beam pattern writing pro-
gram is a program which causes the computer mounted on
the writing apparatus 100 to execute: processing of storing
in an electron beam writing apparatus a position coordinate
at which a drift amount is diagnosed; processing of storing
in the electron beam writing apparatus a first time interval
pattern which defines a time interval to diagnose a drift
amount of an electron beam and a second time interval
pattern which is associated with the position coordinate and
defines the time interval to diagnose the drift amount of the
electron beam; processing of performing first writing of
irradiating a target object with the electron beam using the
writing apparatus, and writing a predetermined writing pat-
tern on the target object while diagnosing the drift amount
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of the electron beam based on the first time interval pattern
during the writing; processing of diagnosing the drift
amount of the electron beam when the writing reaches the
position coordinate; and processing of performing second
writing of irradiating the target object with the electron beam
after the writing reaches the position coordinate, and writing
the predetermined writing pattern on the target object while
diagnosing the drift amount of the electron beam based on
the second time interval pattern during the writing.

This program is stored in a computer-readable recording
medium such as a magnetic disk apparatus, a magnetic tape
apparatus, a FD or a ROM (Read Only Memory). More
specifically, for example, this program is stored in the
program memory 152 of the writing apparatus 100.

As described above, according to the present embodi-
ment, drift diagnosis is adequately executed, so that it is
possible to make high writing precision and high throughput
compatible.

Second Embodiment

An electron beam writing apparatus according to the
present embodiment specifies a position of a position coor-
dinate stored in the electron beam writing apparatus at which
a change rate of a shot density upon writing of a writing
pattern exceeds a predetermined change rate (threshold).
The shot density may be the number of shots per area or may
be the number of shots per time. Contents other than the
position coordinate are the same as those in the first embodi-
ment. Consequently, the contents which overlap those in the
first embodiment will not be described.

For example, a change amount of the shot density can be
calculated based on an estimation result of the number of
shots to estimate, for example, a pattern writing time before
a writing apparatus 100 performs writing. Referring to this
calculation result, it is possible to specify a position coor-
dinate of a position at which the change rate of the shot
density exceeds a predetermined change rate.

At the position at which the change rate of the shot density
exceeds the predetermined change rate, for example, the
drift amount is predicted to rapidly change.

According to the present embodiment, drift diagnosis is
performed when writing reaches the position at which the
drift amount is predicted to rapidly change. Further, by
changing a time interval of subsequent drift diagnosis to a
time interval suitable to the predicted change, precision of
writing is guaranteed. By this means, drift diagnosis is
adequately executed, so that it is possible to make high
writing precision and high throughput compatible.

Third Embodiment

An electron beam writing apparatus according to the
present embodiment is the same as that in the first embodi-
ment except that a position coordinate calculating unit which
automatically calculates in the writing apparatus a position
coordinate which triggers a change from a first time interval
pattern to a second time interval pattern is provided. Con-
sequently, the contents which overlap those in the first
embodiment will not be described.

FIG. 5 is a conceptual diagram illustrating a configuration
of the writing apparatus according to the present embodi-
ment.

As illustrated in FIG. 5, a control calculator 120 of a
control unit 160 of a writing apparatus 200 has a position
coordinate calculating unit 124. The position coordinate
calculating unit 124 has function of automatically calculat-
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ing in the writing apparatus a position coordinate which
triggers a change from a first time interval pattern to a
second time interval pattern.

An electron beam pattern writing method according to the
present embodiment is the same as that in the first embodi-
ment except calculation, in the writing apparatus 200, of a
position coordinate which triggers a change from a first time
interval pattern to a second time interval pattern.

FIG. 6 is a view illustrating a flowchart of a pattern
writing method according to the present embodiment. Cal-
culation of a position coordinate (S21) is performed as
processing in the writing apparatus 200.

More specifically, based on, for example, pattern writing
data stored in a pattern writing data memory 109, a shot
density per unit area upon writing or a shot density per unit
time is calculated. Further, a change rate of this shot density
is calculated. Furthermore, a position coordinate of a posi-
tion at which the change rate of the shot density exceeds a
predetermined threshold is calculated. The calculated posi-
tion coordinate is stored in, for example, the second memory
unit 156.

According to the present embodiment, the position coor-
dinate can be automatically calculated in the writing appa-
ratus 200. Consequently, it is possible to achieve a higher
writing efficiency compared to the first embodiment.

Fourth Embodiment

An electron beam writing apparatus according to the
present embodiment is the same as that in the first embodi-
ment except that a determining unit which determines
whether or not to change to diagnosis of a drift amount based
on a second time interval pattern is provided. Consequently,
the contents which overlap those in the first embodiment
will not be described.

FIG. 7 is a conceptual diagram illustrating a configuration
of a writing apparatus according to the present embodiment.

As illustrated in FIG. 7, a control calculator 120 of a
control unit 160 of a writing apparatus 300 has a determining
unit 126. The determining unit 126 has a function of, when
writing reaches a predetermined position coordinate, deter-
mining whether or not to change a first time interval pattern
to a second time interval pattern.

FIG. 8 is a view illustrating a flowchart of a pattern
writing method according to the present embodiment. After
writing reaches a first position coordinate (S3-2), the deter-
mining unit 126 determines whether or not it is possible to
change the first time interval pattern to the second time
interval pattern (S31).

When the determining unit 126 determines that a change
can be made, the first time interval pattern is switched to the
second time interval pattern to diagnose a second drift
amount of an electron beam (S4-2). Meanwhile, when the
determining unit 126 determines that a change cannot be
made, the second drift amount of an electron beam is
diagnosed based on the first time interval pattern.

Similarly, after writing reaches a second position coordi-
nate (S3-2), the determining unit 126 determines whether or
not it is possible to change the second time interval pattern
to a third time interval pattern (S31).

When the determining unit 126 determines that a change
can be made, the second time interval pattern is switched to
the third time interval pattern to diagnose a third drift
amount of an electron beam (S4-3). Meanwhile, when the
determining unit 126 determines that a change cannot be
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made, the third drift amount of an electron beam is diag-
nosed based on the first or second time interval pattern used
upon previous writing.

A determination criterion as to whether or not a change
can be made is, for example, a type of a pattern writing area
which is being written. FIG. 9 is an explanatory view of the
pattern writing method according to the present embodi-
ment.

For example, a pattern of a pattern area 10 of a mask 101
adopts a hierarchical structure, and there are a pattern
writing area o and a pattern writing area . Meanwhile, a
pattern writing area is an area to which an identical pattern
writing condition is applied upon writing. Even though
positions of different pattern writing areas overlap as illus-
trated in FIG. 9, patterns are not simultaneously written
while scan is performed once using an electron beam.

Meanwhile, a case will be described where, for example,
a position A is fixed based on a shot density of the pattern
of the pattern writing area [} instead of the pattern writing
area .. In this case, even when writing reaches the position
A while a pattern is written in the pattern writing area a., it
is not necessary to change a time interval pattern. Conse-
quently, for example, the determining unit 126 acquires
information of a pattern writing area in which a pattern is
currently written, and determines whether or not a time
interval pattern can be changed.

Further, as another example, a determination criterion as
to whether or not a change can be made is whether or not
there is competition with a third time interval pattern other
than the second time interval pattern which is triggered by
another event. For example, there are a writing temporary
stop event that writing is temporarily stopped because of, for
example, user’s circumstances, and a corresponding third
time interval pattern.

For example, a case will be described where the position
coordinate reach event and the writing temporary stop event
simultaneously occur during scan of a single stripe. In this
case, the writing apparatus 300 needs to determine which
one of the second time interval pattern and the third time
interval pattern to select. This determination can be made by,
for example, the determining unit 126.

According to the present embodiment, the determining
unit 126 determines whether or not change to the second
time interval pattern can be made, so that it is possible to
optimize a setting of a time interval of drift diagnosis during
writing and make high writing precision and high through-
put compatible.

In the foregoing, the embodiments have been described
with reference to concrete examples. However, the present
disclosure is not limited to such concrete examples.

Further, although cases have been described with the
embodiments where there are two pattern writing areas in
the pattern area 10, the number of pattern writing areas is not
limited to two.

Furthermore, although parts of the apparatus configura-
tion, the control method, and the like which are not needed
to be explained directly for the explanation of the present
disclosure are not described, a necessary apparatus configu-
ration and a necessary control method can be appropriately
selected and used. Although, for example, a control unit
configuration which controls the charged particle beam
writing apparatus has not been described in detail, a neces-
sary control unit configuration is appropriately selected and
used, as a matter of course.

In addition, all charged particle beam writing methods,
charged particle beam writing programs and charged particle
beam writing apparatuses which include the elements of the
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present disclosure and can be attained by appropriately
changing in design by a person skilled in the art are included
in the spirit and scope of the disclosure.

What is claimed is:

1. A charged particle beam writing method comprising:

storing in a charged particle beam writing apparatus a

specific position coordinate;
storing in the charged particle beam writing apparatus a
first time interval pattern defining first time intervals to
diagnose a drift amount of a charged particle beam and
a second time interval pattern associated with the
specific position coordinate and defining second time
intervals to diagnose a drift amount of the charged
particle beam;
performing a first writing by irradiating a target object
with the charged particle beam using the charged
particle beam writing apparatus, and writing a first
predetermined writing pattern on the target object diag-
nosing a drift amount of the charged particle beam
repeatedly with the first time intervals defined in the
first time interval pattern during the first writing;

diagnosing a drift amount of the charged particle beam
when the first writing reaches the specific position
coordinate; and

performing a second writing by irradiating the target

object with the charged particle beam after the first
writing reaches the specific position coordinate, and
writing a second predetermined writing pattern on the
target object diagnosing a drift amount of the charged
particle beam repeatedly with the second time intervals
defined in the second time interval pattern during the
second writing,

wherein the first time intervals increase as time passes

since start of application of the first interval pattern, and
the second time intervals increase as time passes since
start of application of the second interval pattern.

2. The method according to claim 1, wherein the specific
position coordinate specifies a position at which a change
rate of a shot density exceeds a predetermined change rate.

3. The method according to claim 1, wherein each of the
second time intervals is narrower than each of the first time
intervals.

4. The method according to claim 1, further comprising
calculating the specific position coordinate automatically
based on a pattern writing data before the storing.

5. The method according to claim 4, wherein the specific
position coordinate is calculated by calculating a shot den-
sity per unit area or a shot density per unit time based on the
pattern writing data, calculating a change rate of the shot
density, and obtaining a position coordinate of a position at
which the change rate of the shot density exceeds a prede-
termined change rate.

6. A non-transitory computer-readable recording medium
having a charged particle beam writing program causing a
computer mounted on a writing apparatus to execute:

processing of storing in a charged particle beam writing

apparatus a specific position coordinate;

processing of storing in the charged particle beam writing

apparatus a first time interval pattern defining first time
intervals to diagnose a drift amount of a charged
particle beam and a second time interval pattern asso-
ciated with the specific position coordinate and defining
second time intervals to diagnose a drift amount of the
charged particle beam;

processing of performing a first writing by irradiating a

target object with the charged particle beam using the
charged particle beam writing apparatus, and writing a
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first predetermined writing pattern on the target object
diagnosing a drift amount of the charged particle beam
repeatedly with the first time intervals defined in the
first time interval pattern during the first writing;

processing of diagnosing a drift amount of the charged
particle beam when the first writing reaches the specific
position coordinate; and

processing of performing a second writing by irradiating
the target object with the charged particle beam after
the first writing reaches the specific position coordi-
nate, and writing a second predetermined writing pat-
tern on the target object diagnosing a drift amount of
the charged particle beam repeatedly with the second
time intervals defined in the second time interval pat-
tern during the second writing,

wherein the first time intervals increase as time passes
since start of application of the first interval pattern, and
the second time intervals increase as time passes since
start of application of the second interval pattern.

7. The recording medium according to claim 6, wherein
the specific position coordinate specifies a position at which
a change rate of a shot density exceeds a predetermined
change rate.

8. The recording medium according to claim 6, wherein
each of the second time intervals is narrower than each of the
first time intervals.

9. The recording medium according to claim 6, further
comprising calculating the specific position coordinate auto-
matically based on a pattern writing data before the storing.

10. The recording medium according to claim 9, wherein
the specific position coordinate is calculated by calculating
a shot density per unit area or a shot density per unit time
based on the pattern writing data, calculating a change rate
of the shot density, and obtaining a position coordinate of a
position at which the change rate of the shot density exceeds
a predetermined change rate.

11. A charged particle beam writing apparatus compris-
ing:

a first memory configured to store a specific position

coordinate at which a drift amount is diagnosed;

a second memory configured to store a first time interval
pattern defining first time intervals to diagnose a drift
amount of a charged particle beam and a second time
interval pattern associated with the specific position
coordinate and defining second time intervals to diag-
nose a drift amount of the charged particle beam;

a writing unit configured to irradiate a target object with
the charged particle beam and write a predetermined
writing pattern on the target object;

a pattern writing position monitoring unit configured to
monitor a pattern writing position; and

a drift diagnosis control unit configured to comprise a
function of diagnosing a drift amount of the charged
particle beam repeatedly with the first time intervals
defined in the first or repeatedly with the second time
intervals defined in second time interval pattern, and
changing diagnosis of a drift amount based on the first
time interval pattern to diagnosis of a drift amount
based on the second time interval pattern after reaching
of the pattern writing position to the specific position
coordinate, based on information of the pattern writing
position obtained by the pattern writing position moni-
toring unit,

wherein the first time intervals increase as time passes
since start of application of the first interval pattern, and
the second time intervals increase as time passes since
start of application of the second interval pattern.
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12. The apparatus according to claim 11, wherein the
specific position coordinate specifies a position at which a
change rate of a shot density exceeds a predetermined
change rate.

13. The apparatus according to claim 11, wherein each of 5

the second time intervals is narrower than each of the first
time intervals.

14. The apparatus according to claim 11, further compris-
ing a position coordinate calculating unit configured to
automatically calculate the specific position coordinate
based on a pattern writing data.

15. The apparatus according to claim 11, further compris-
ing a determining unit configured to determine whether or
not to change diagnosis of the drift amount based on the first
time interval pattern to diagnosis of the drift amount based
on the second time interval pattern.
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